Forage production on clay upland range sites is related to seasonal precipitation, with May + June precipitation the most reliable predictor of total forage production. annual carrying capacities, based on May + June precipitation, for a clay upland site range from 2 acres/AUM in wet years through 3 acres/AUM in average years to 4 acres/ AUM in dry years.
Effects of climatic factors on plant growth have been intensively studied and general influences of such factors on anatomical, morphological, and Professional range and livestock managers, conservationists, and ranchers are interested in forage production since grazing capacity of a range and livestock production are intimately related to the quantity of usable forage produced. Since the grasslands of western Kansas are generally deficient in precipitation, production is closely related to the effective moisture that penetrates the soil.
Tomanek and Albertson (1957) studied production of native prairies during 1952 and 1953, during which precipitation was below normal. Production declined with increased grazing intensity and with prolonged abnormal climatic conditions. Tomanek (1948) reported that yields on moderately grazed ranges were markedly greater than on ungrazed or heavily grazed ranges. Albertson et al.
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(1953) reported results of a six-year study of the effects of different intensities of clipping on prodution.
A close relationship was noted between amount and time of growth and precipitation. Yield, where not influenced by clipping, was approximately 100 lb/acre for each inch of summer rainfall.
Such production records become more important when related to some easily discernible natural environmental factor and when used to predict future range conditions and stocking capacities. If range condition and production can be predicted with confidence, ranchers can adjust herd size early in the season and thus much damage to forage and soil from overgrazing may be avoided.
The Great Plains is a risky production area for agriculture partially because of variable forage supply. As long-time production records have accumulated and because ranching operations and management decisions are dependent on forage production, many investigators have attempted to correlate climatic factors with production. Smoliak (1956) investigated the influence of six meteorological factors on forage produced in 1953 on shortgrass rangeland and found that May + June precipitation was significantly correlated with yield. By using a regression equation, forage production and grazing capacity was estimated as early as July 1. Reinert (1962) studied the influence of temperature, precipitation, and soil moisture on wheat yields and shortgrass production in Ellis County, Kansas and found early season precipitation important in influencing shortgrass yields but not as important in influencing wheat yields. Currie and Peterson (1966) used regression analyses to determine the influence of monthly precipitation on forage yields of crested wheatgrass grazed at different seasons of the year. Precipitation accounted for 88 to 97% of the differences in yields. When ranges were grazed in both spring and fall, April and May precipitation governed spring yields while June and July precipitation influenced fall yields.
The present study was conducted in the Mixed Prairie near Hays, Kansas.
Production has been recorded on three range sites since 1940, but only the clay upland site is reported upon in this paper. The data have been analyzed with the following objectives in mind:
(1) prediction of forage yield from a known climatic factor, 
Methods and Procedures
At least five 9.6-ft2 plots on the clay upland sites, and in many years 10 to 12, were clipped monthly from May 1 to September 1. Vegetation was clipped with hand shears, leaving a stubble of approximately one inch, and separated into mid-grass, shortgrass, forbs, and weeds. Each year different plots were clipped on the site. All plots were protected from grazing livestock by portable exclosures. Herbage was air-dried, weighed, and converted to pounds per acre. Precipitation data are taken from the monthly and annual summaries of reports issued by the U.S. Department of Commerce.2 The official weather station from which the precipitation data were compiled is maintained at the Fort Hays Experiment Station, slightly over two miles from the study location.
All statistical procedures followed generally accepted methods as presented in introductory texts on the subject. (HeZianthus annuus). The last species, along with Japanese brome, is the main weedy annual.
Results and Discussion
Vegetational Fluctuations
The grasslands of the Central Great Plains are subject to dramatic fluctuations in the composition and productivity, which result from drought periods that are characteristic of a highly variable continental climate.
Changes in the composition and cover of upland shortgrass communities have been well documented (Albertson and Tomanek, 1965) . Growth conditions were poor in the period from 1931-1937, just prior to the start of this study. In 1941, the grasslands of western Kansas were recovering from the severe drought of the 1930's. Thus, the project began at a time when the productivity of the grasslands was probably depleted in vigor.
During the 1940's the growing conditions were good ( sonal evporation and seasonal wind velocity is apparent in Table 2 .
Climate-Production Interrelations
Correlation analysis between selected climatic factors and vegetational production components indicated that precipitation in early months of the growing season was a major controlling influence on plant growth (Table 3) . Seasonal precipitation (April-September) appears to determine the productivity of the vegetation on the upland site more than does preseasonal or winter precipitation (October-March). Reinert (1962) found similar results in comparing the production of wheat and perennial grassland as influenced by winter and summer precipitation.
He found that the winter precipitation was correlated with the productivity of wheat (annual) but that winter precipitation was not correlated with the production of perennial grassland.
The implication is that if insufficient
Estimated shortgrass (left) and total production (right) in lb/acre on clay upland range site near Hays, Kansas, based on seasonal (April-September) precipitation (inches). Fiducial limits at 9.5% level. precipitation is received in the early growing season months, there is not going to be high perennial productivity, even though the previous winter's precipitation might have been above average. Our regression equations for the relationships between seasonal precipitation and shortgrass and total production indicate that with the average seasonal precipitation of 18.85 inches, shortgrass production is about 1800 lb/acre while total production from the upland site is about 2600 lb/acre (Fig. 1) .
The difference between shortgrass production and total production is made up by three vegetational components of the upland range site:
(1) weedy species (2) forb species and (3) other perennial grasses. The production of weedy species was most closely related to April precipitation (Table  3 , Fig. 2 ). This may reflect the need for adequate early spring precipitation in order for germination of the seeds of weedy annuals.
Field observation of fluctuations in growth of weedy species due to fluctuations in early spring precipitation indicate that this correlation is not spurious. The contributions of forbs to the total production on the upland site varies greatly (Table  3 ). The only correlation between forb production and a climatic factor was with seasonal wind velocity. This may be a real association or it may reflect an intercorrelation of forb production and wind velocity with another determining factor. The latter explanation seems more plausible at this time. Launchbaugh (1967) stated that high western ragweed yields were favored by moderate and light grazing and by moisture in excess of amounts the grasses could utilize in spring and early summer development.
The precipitation that occurs in the early months of the growing season, particularly May, is correlated with total and shortgrass production (Table  3) . However, the major determinant of total production appears to be the total May + June precipitation.
The correlation coefficient of + .5 16 was the highest observed between early season precipitation and total production.
The linear regression equation (Fig. 3) indicates some degree of reliability in predicting total production based on precipitation received in this early segment of the growing season.
Considering an average May + June rainfall figure, the production estimate on the clay upland range site is j, = 1,501.7 + 139.9 (8.07) or about 2580 lb/acre, thus the error in this regressed estimate is less than 100 lb/acre. The annual carrying capacity of the clay upland range site is related to the May + June precipitation (Fig. 3) . These carrying capacrties are based on the following premises:
(1) a l,OOO-lb animal consuming 600 lb/ month of forage and (2) a forage utilization figure of 5O7o or a "take half-leave half" policy, and (3) be about 2.3 acres/animal-unit-month.
This carrying capacity would correspond to the heavy grazing treatment of 2 acres/steer reported by Launchbaugh (1967) in his study of the clay upland range site. It would appear that Launchbaugh's estimate of 2 acres/steer as being heavy grazing is correct since the present study indicates a May + June precipitation of 14 inches would be needed to support such an intensity of grazing. In years of average May + June precipitation (8.07 inches) the carrying capacity is about 3 acres/AUM (Fig. 3) , thus a stocking rate of 2 acres/steer would overgraze the site in "normal precipitation"
years. The moderate grazing intensity of 3 acres/steer reported by Launchbaugh (1967) g-r a ees with our figure of 3 acres/ AUM for average May + June precipitation years. We estimated the lightest grazing intensity or carrying capacity at 4 acres/AUM; this would occur under the drought years when May + June precipitation was 4 inches. Launchbaugh reports his lightly grazed areas at a carrying capacity of 5 acres/ steer. In general, the results of this investigation give stocking rates that are commensurate with May + June precipitation and in agreement with those reported by Launchbaugh. Reinert ( 1962) and Launchbaugh (1967) reported on the prediction of shortgrass yields using precipitation as the predictor. Their data agree closely with the present investigation in that preseason precipitation did not seem to be correlated with shortgrass yields.
Reinert found September temperatures to be the best indicator of shortgrass production on clay uplands for the coming year. He reported a significant r value of + .46 between September temperature and shortgrass yields. The regression equation for his data was g = 125.8 + 1.49 (x) where y = shortgrass yields in hundreds of lb/ acre and x = September average temperature.
The regressed values were subject to considerable error FIG. 4 . Estimated shortgrass production (lb/acre) on clay upland range site near Hays, based on July precipitation (inches). Fiducial limits at 95% level.
in the above equation due to wide fiducial limits at all levels of x. Nevertheless, Reinert's data are of interest because of the early date at which forage yields could be predicted. It is axiomatic that the earlier the date that forage production can be determined, the more flexible and utilitarian the relationship is to a rancher since he could then adjust his grazing management to the potential production for the coming season. Launchbaugh (1967) found only the precipitation of the current year to be associated with total forage yield. He reported a coefficient of determination of 70.6 between the two variables. He did not analyze monthly precipitation records in his study.
Although the May + June precipitation predicted the forage production best in the present study, there was a close association between July precipitation and shortgrass production (Fig. 4) . This results from the normal dormancy cycle of blue grama and buffalo being deterred by July rainfall.
The influence of soil moisture reserves on grass production was not analyzed in the present study. Reinert (1962) f ound no correlation between soil moisture level and shortgrass yields.
Conclusions
Forage production on clay upland range sites is more related to seasonal precipitation than to preseasonal or winter precipitation.
May + June precipitation values are most reliable in predicting total forage production from clay upland sites. The production of weedy species is correlated with early spring (April) precipitation.
July precipitation is highly correlated with shortgrass production, a phenomenon probably related to a later entrance into dormancy by blue grama and buffalo grass. 
